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SPECIFICATION 



CONFIGURABLE ECHO CANCELLER 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

5 This invention relates generally to echo cancellation. More 

particularly, it relates to a configurable echo canceller which adapts 
between audio echo cancellation and/or hybrid echo cancellation based on 
the particular application. 

10 2. Background of Related Art 

An echo canceller is an electrical device which removes 
interfering information from a signal caused by an electrical or acoustical 
echo of the signal. Echo cancellation has many uses, but is well known 
for its use in telephone systems to remove echoes during a conversation 

15 on a telephone line. 

Electrical echoes are most typically caused in customer 
premises telephone equipment (e.g. a telephone) when a signal passes 
through a hybrid (otherwise known as a telephone line interface (TLI)) to 
the telephone line. A hybrid provides isolation between the telephone and 

20 the telephone line. The better the hybrid, i.e., the better the isolation, the 
larger the reflection or echo of the signal back into the telephone. A 
conventional device used at the customer premises telephone equipment 
to eliminate the effect of reflections or echoes caused by the hybrid are 
generically termed hybrid echo cancellers (HECs). 

25 Other reflections of a telephone signal causing audible 

echoes in the conversation are caused by the physical environment in 
which the telephone sits. For instance, acoustical reflections are caused 
from the speaker back to a microphone in the telephone when sounds 
output from the speaker are picked up by the microphone. This most 

30 frequently occurs when the output sound bounces off the ceiling, walls 
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and other structures in the room. Acoustical reflections typically cause 
uncomfortable feedback such as squealing in the signal output from the 
speaker. 

Different acoustical reflections or echoes may also be 
5 caused at different times, depending on the distance between the 
speaker, the particular reflecting surface (e.g., the ceiling or any of the 
four walls), and the return path to the microphone. For instance, an 
acoustical echo would be caused on a telephone line a fixed amount of 
time after the speech originated. This fixed amount of time is based on 

1 0 the time it takes sound to travel from the speaker, to the reflecting surface, 
and then to the microphone. Not all rooms are the same size, nor is a 
telephone placed in the same spot in all rooms. Thus, because of the 
uncertainty as to the particular dimensions of a room and the proximity of 
the telephone to the walls and/or other structures in the room, it is difficult 

15 to know beforehand the specific needs of an acoustical echo canceller. 
Higher end acoustical echo cancellers adaptively train themselves to the 
particular acoustical echoes experienced by a telephone, while lower end 
acoustical echo cancellers have predetermined tap values set on the 
presumption of certain average or median conditions, e.g., 6 feet from the 

20 speaker and microphone to the ceiling (assuming that the customer 
premises telephone equipment is placed on a table), and, e.g., 10 feet 
from the speaker and microphone to the surrounding wall surfaces. 
Acoustical echo cancellers are most prevalent in speakerphone type 
applications. 

25 Initially, echo cancellers were analog devices which sampled 

a pure main signal at a point before it was affected by a reflection or echo, 
delayed the sampled pure signal, and subtracted the delayed pure signal 
from the main signal to output a signal corresponding to the pure main 
signal with the effects of any reflections or echoes removed. Thus, 
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ideally, the delayed pure signal cancels out the reflected signal picked up 
by the microphone and reintroduced into the main signal. 

More recently, particularly as digital signal processors 
(DSPs) and other high performance processors became cost effective, 

5 software algorithms have been developed to perform an acoustical echo 
cancellation or a hybrid echo cancellation on a digitized signal. 
Conventional acoustical echo cancellers suppress audio picked up by a 
microphone which was output by a speaker on the same telephone. 
These conventional AECs are typically adaptive, speech trained and 

1 0 monitored and adjusted as necessary for optimal performance. 

Conventional customer premises telephone equipment 
includes an acoustic echo canceller and/or a hybrid echo canceller as 
appropriate for the application. For instance, Fig. 6 shows the relevant 
portion of a cordless telephone including a cordless handset 602 and a 

15 base unit 604. The cordless handset 602 typically includes a microphone 
and a speaker to allow a telephone conversation to take place, and an 
acoustical echo canceller 606 to cancel any acoustical echoes caused in 
the telephone signal. There is typically no hybrid echo canceller in the 
cordless handset 602 because there conventionally are no hybrids in the 

20 cordless handset 602. 

On the other hand, the base unit 604 interfaces to a 
telephone line from a central office via a telephone line interface, i.e., a 
hybrid. Accordingly, a hybrid echo canceller 608 is typically included in 
the base unit 604 of a cordless telephone to remove unwanted signal 

25 disruptions and noise caused by reflections of the main signal caused by 
the hybrid in the base unit 604. However, because the base unit 604 
does not typically include a speaker and a microphone, there is typically 
no AEC in the base unit 604. 

Accordingly, a designer conventionally picks and chooses 

30 an AEC or an HEC based on a particular application, and manufacturers 
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provide either an AEC or an HEC for each particular application. For 
instance, in a cordless handset 602, a particular AEC might be chosen for 
use while in the base unit 604, a particular HEC might be chosen. This 
causes the need to manufacture such a cordless telephone with two 
5 separate echo cancellation parts, with associated inventory and costing 
requirements. 

In the event of a combined requirement for both an AEC and 
an HEC within the same unit, manufacturers will typically customize a 
combined HEC and AEC for use with the particular application. 
10 Thus, many different types of echo cancelers must be 

manufactured, inventoried and maintained, e.g., AECs, HECs, and 
AEC/HEC combinations. Unfortunately, the use of many different types of 
echo cancelers complicates manufacturing, maintenance, and overall 
cost. 

15 There is thus a need for an echo canceller which is flexible 

enough to be used in various echo cancellation roles, including acoustical 
and/or hybrid echo cancellation roles, to reduce the need for the many 
different conventional types of echo cancelers. 

20 SUMMARY OF THE INVENTION 

In accordance with the principles of the present invention, an 
echo canceler comprises an echo canceler module capable of 
configuration as one of an acoustic echo canceler and a hybrid echo 
canceler. A control register is adapted to configure the echo canceler 

25 module as the acoustic echo canceler or the hybrid echo canceler. 

A method of configuring an echo canceler module as either 
an acoustic echo canceler or as a hybrid echo canceler in accordance 
with another aspect of the present invention comprises configuring the 
echo canceler module as one of an acoustic echo canceler and a hybrid 

30 echo canceler. The echo canceler module is operated in an operation 
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mode utilizing the echo canceier module as configured. The echo 
canceler module is reconfigured as the other of the acoustic echo 
canceier and the hybrid echo canceler. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the present invention will 
become apparent to those skilled in the art from the following description 
with reference to the drawings, in which: 

Fig. 1 shows an echo canceler in accordance with the 
10 principles of the present invention implemented in each of a cordless 
handset receiver and a base unit for a cordless telephone system. 

Fig. 2 shows the configurable echo cancelers of Fig. 1 in 

more detail. 

Fig. 3 shows an exemplary control register controlling 
15 exemplary switchable parameters of the configurable echo canceler 
shown in Fig. 2. 

Figs. 4A and 4B show audio connections of the configurable 
echo canceler implemented in a base unit as an HEC (Fig. 4A) or as an 
AEC (Fig. 4B). 

20 Fig. 5 shows audio connections of the configurable echo 

canceler implemented as an AEC in a cordless handset. 

Fig. 6 shows the relevant portion of a conventional cordless 
telephone including a conventional AEC in the cordless handset and a 
conventional HEC in the base unit. 

25 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The present invention provides a configurable echo 
canceller which can perform acoustical or hybrid echo cancellation under 
software control. In this way, e.g., the same echo canceler can be 
30 implemented in each of the cordless handset and the base unit of a 



5 



cordless telephone but each configured differently, thus reducing 
manufacturing and maintenance costs. 

In the disclosed embodiment, a cordless telephone 
application includes a configurable echo canceler for separate 
5 installations in each of the cordless handset receiver 102 and in the base 
unit 104. Moreover, in the disclosed cordless telephone application, the 
configurable echo canceller includes a control register or other device to 
configure the various configurable features of the echo canceller 
depending on the application. 

10 For instance, the number of filter taps can be adjusted 

depending on the mode of the reconfigurable echo canceller. The 
disclosed configurable echo canceller can also be set for single or double 
precision taps, for sub-band or full-band operation, and/or for full- 
band/sub-band center clipper operation with or without comfort noise. 

15 Fig. 1 shows a configurable echo canceler 106a, 106b in 

accordance with the principles of the present invention implemented in 
each of a cordless handset receiver 102 and a base unit for a cordless 
telephone system 110. 

As configured in the disclosed embodiment, the configurable 

20 echo canceler 106a in the cordless handset receiver 102 is software 
configured (e.g., using a register) to operate in a suitable AEC mode, 
while a similar configurable echo canceler 106b in the base unit 104 is 
software configured to operate in a suitable AEC or HEC mode. 

Fig. 2 shows the configurable echo cancelers 106a, 106b of 

25 Fig. 1 in more detail. 

In particular, in Fig. 2, the configurable echo cancelers 106a, 
106b are each formed with an echo canceler module 204, an echo 
canceler filter tap bank 206, a control register 202, and suitable 
summation circuitry 112. The same type configurable echo canceler 106 
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shown in Fig. 2 forms the basis for both of the configurable echo 

cancelers 106a, 106b shown in Fig. 1. 

One difference in the disclosed embodiment between the 

configurable echo canceler 106a in the cordless handset receiver 102 and 
5 the configurable echo canceler 106b in the base unit 104 is their 

respective configurations, set by a control word stored in a control register 

202. Preferably, but not necessarily, the control register 202 is either 

formed in non-volatile memory or is loaded in an initialization sequence 

from a program residing in non-volatile memory. Moreover, it is preferred 
10 that audio processing in the equipment utilizing the configurable echo 

canceler 106 be disabled or muted until the configuration of all 

configurable echo cancelers is assured. 

Preferably, each of the configurable echo cancelers 106a, 

106b are implemented as a software routine running on a suitable 
15 processor, e.g., on a digital signal processor (DSP). In the disclosed 

embodiment, the configurable echo cancelers are each adapted to have 

certain adjustable parameters to allow operation as an AEC or as an 

HEC. 

The x and y in Fig. 2 refer to the configurability of the basic 
20 unit of memory in the echo canceler 204, e.g., byte (8 bits) or word (16 
bits). The accuracy of filter coefficients in the echo canceler 204 is related 
directly to the number of bits used for the coefficients. For example, 
increased accuracy can be obtained by using two words vs. one for the 
coefficients. Accordingly, in configuring the echo canceler 106 as either 
25 an AEC or as an HEC, one may preferably use single precision for 
configuration as an AEC (i.e., using byte length coefficients), and double 
precision for configuration as an HEC (i.e., using word length coefficients). 

Fig. 3 shows the control register 202 in more detail. The 
control register 202 outputs settings for switchable parameters in the 
30 configurable echo canceler 106 shown in Fig. 2. 
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In particular, the reconfigurability of the echo canceler 106 is 
provided by an on/off type bit setting for each of the following: long/short 
span select 502, step size for quick or slow adaptation 504, tap refresh on 
or off 506, adaptation mode (NLMS or recursive least square) 508, sub- 
5 band or full-band center clipper 510, and sub-band or full-band echo 
cancellation 512. 

Long/short span select 502 : The span of the echo canceler 
is selected based on the echo path in question. One aspect of an echo 
canceler is modeling the echo path impulse response. The length of the 

10 impulse response is different for differing applications. For example, 
typical acoustic echoes have a span of 17-50 milliseconds (mS) 
depending on room size. On the other hand, in the case of an HEC, 
typically only 7-15 mS is required. 

In the disclosed embodiment, a choice of one or two spans 

15 is provided. A short span of 7-15 mS is preferred for configuration as an 
HEC, while a long span of 17-50 mS is preferred for configuration as an 
AEC. Of course, additional spans and/or spans of different length may be 
provided depending upon the particular application. 

Step size for slow/quick adaptation 504 : Step size is directly 

20 related to speed of adaptation, and is also related to a final mis- 
adjustment error after convergence of the echo canceler taps. If the step 
size is large, the mis-adjustment error will be large. The converse is also 
true. For an HEC, the echo path remains fixed, so the step size can be 
small because the speed of adaptation is therefore not important. 

25 However, for an AEC, the echo path can change so the step size should 
be large. Thus, a small step size is preferred for configuration of the 
reconfigurable echo canceler 106 as an AEC. Of course, additional step 
sizes or alternative step sizes may be provided within the principles of the 
present invention. 
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Tap refresh on/off 506 : In certain instances, it is desirable 
for the echo canceler taps to be continuously updated. For example, an 
optimal set of taps may be created for an HEC (having a fixed echo path) 
and tap refresh (i.e., tap update) may not be desirable. However, for an 
5 AEC, tap refresh or update may be always enabled due to the typically 
changing echo path. Thus, if the configurable echo canceler 106 is being 
configured as an HEC, the tap refresh 506 is preferably set to an OFF 
condition using the register settings 202, or if being configured as an AEC, 
the tap refresh 506 is preferably set to an ON condition. 

10 Adaptation mode (NLMS or RLS) 508: There are several 

conventionally available adaptation algorithms. In general, greater speed 
of adaptation and smaller mis-adjustment is achievable with more 
complex algorithms which require more MIPS and memory. Depending 
upon the particular application, a less or more complex configurable echo 

15 cancellation algorithm may be used and configured as necessary in 
accordance with the principles of the present invention. For example, an 
HEC with a fixed echo path may preferably be set to NLMS, whereas an 
AEC may preferably be set to recursive least square (RLS) to provide for 
fast adaptation. 

20 Sub-band or full-band center clipper 510 : Center clipper is a 

signal processing block that attenuates signals below a given threshold 
and passes through signals above that given threshold. Center clipper is 
typically used to reduce residual echo. A full-band center clipper acts on 
a full band signal, whereas a sub-band center clipper first filters the signal 

25 into different frequency bands, and then independently center clips within 
each band. 

Center clipping is a non-linear operation. Thus, a high 
center clipping threshold will introduce noise and distortion throughout the 
band. Therefore, a full band center clipper distorts full band, while a sub- 
30 band introduces distortion into only the band it's operating on. 
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Accordingly, each threshold can be tuned separately in a sub-band center 
clipper. 

Sub-band or full-band echo cancelation 512: In a sub-band 
center clipper as described above, the principles are the same. Here you 
5 can have an echo canceler which filters the entire band or a sub-band 
echo canceler which operates in different frequency bands. 

Figs. 4A and 4B show audio connections of the configurable 
echo canceler 106b in the base unit 104 as either an HEC (Fig. 4A) or as 
an AEC (Fig. 4B). 

10 In particular, Fig. 4A shows a microphone input signal input 

to line A in Fig. 2, a telephone line out signal output from line B, a 
telephone line in signal input to line C, and a speaker out signal output 
from line D, when the configurable echo canceler 106b in the base unit 
104 is configured as an HEC. 

15 Fig. 4B shows a line in signal input to line A in Fig. 2, a 

speaker out signal output from line B, a microphone in signal input to line 
C, and a line out signal output from line D, when the configurable echo 
canceler 106b in the base unit 104 is configured as an AEC. 

Fig. 5 shows audio connections of the configurable echo 

20 canceler 106a in the cordless handset receiver 102. 

In particular, Fig. 5 shows a microphone in signal input to 
line A in Fig. 2, a handset out to the base unit or to the handset output 
from line B, a handset in signal from the base or the handset input to line 
C, and a handset speaker signal output from line D, when the configurable 

25 echo canceler 106a in the cordless handset receiver 102 is configured as 
an AEC. 

Figs. 4A, 4B and 5 show fixed audio connections of the 
configurable echo cancelers 106a, 106b. However, the audio connections 
may be operably switched to the configurable echo cancelers 106a, 106b, 



10 



either using a digital switch, analog relay, or other means, to allow various 
modes for the telephone, e.g., a cordless telephone. 

In particular, the principles of the present invention allow 
switchable operation of elements requiring one type echo canceler in a 
5 particular mode while requiring another type echo canceler in another 
mode. For instance, utilizing the principles of the present invention, a 
configurable echo canceler 106 in each of the cordless handset receiver 
102 and base unit 104 allows operation of the cordless telephone 110 in 
either a normal mode, intercom mode, base speakerphone mode, or 
1 0 handset speakerphone mode. 

In the normal mode wherein the cordless handset is used, 
the configurable echo canceler 106b in the base unit 104 may be 
configured as an HEC only, and the configurable echo canceler 106a in 
the cordless handset receiver 102 may not be necessary. 
15 In the intercom mode, both the configurable echo canceler 

106a in the cordless handset receiver 102 and the configurable echo 
canceler 106b in the base unit 104 may be configured as AECs. 

In the base speakerphone mode, the configurable echo 
canceler 106b in the base unit 104 may be configured as both an HEC 
20 and an AEC, while the configurable echo canceler 106a in the cordless 
handset receiver 102 may be configured as an AEC. 

In a handset speakerphone mode, the configurable echo 
canceler 106b in the base unit 104 may be configured as an HEC, while 
the configurable echo canceler 106a in the cordless handset receiver 102 
25 may be configured as an AEC. 

While the invention has been described with reference to the 
exemplary embodiments thereof, those skilled in the art will be able to 
make various modifications to the described embodiments of the invention 
without departing from the true spirit and scope of the invention. 
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What is claimed is: 

1 . A echo canceler, comprising: 

an echo canceler module capable of configuration as one of 
an acoustic echo canceler and a hybrid echo canceler; and 

a control register adapted to configure said echo canceler 
module as said one of said acoustic echo canceler and said hybrid echo 
canceler, 

2. The echo canceler according to claim 1 , wherein: 

said control register is adapted to configure a span length of 
said echo canceler module. 



1 5 3. The echo canceler according to claim 2, wherein: 

said span length is adapted to be operably reconfigurable. 

4. The echo canceler according to claim 1 , wherein: 

said control register is adapted to configure a step size 
20 relating to adaptation of said echo canceler module. 

5. The echo canceler according to claim 4, wherein: 
said step size is adapted to be operably reconfigurable. 

25 6. The echo canceler according to claim 1 , wherein: 

said control register is adapted to configure an ability to 
update tap information relating to said echo canceler module. 
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7. The echo canceler according to claim 6, wherein: 
said ability to update tap information is adapted to be 
operably reconfigurable. 



5 8. The echo canceler according to claim 1 , wherein: 

said control register is adapted to select one of a plurality of 
possible adaptation modes of said echo canceler module. 

9. The echo canceler according to claim 8, wherein: 
10 said selection is operably reconfigurable. 

10. The echo canceler according to claim 1 , wherein: 

said control register is adapted to select between sub-band 
center clipping and full-band center clipping with respect to said echo 
15 canceler module. 

1 1 . The echo canceler according to claim 10, wherein: 
said selection is operably reconfigurable. 

20 1 2. The echo canceler according to claim 1 , wherein: 

said control register is adapted to select between sub-band 
echo cancellation and full-band echo cancellation. 

13. The echo canceler according to claim 12, wherein: 
25 said selection is operably reconfigurable. 



13 



14. The echo canceler according to claim 1 , wherein: 
said echo canceler module is adapted to configurably 
receive an input signal from two of: 
a microphone, 
5 a telephone line in, and 

handset in. 



15. A method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler, said 

10 method comprising: 

configuring said echo canceler module as one of said 
acoustic echo canceler and said hybrid echo canceler; 

operating said echo canceler module in an operation mode 
utilizing said echo canceler module as configured; and 
15 reconfiguring said echo canceler module as the other of said 

acoustic echo canceler and said hybrid echo canceler. 

16. The method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler according 

20 to claim 15, wherein said reconfiguring comprises: 

changing a span length of said echo canceler module. 



17. The method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler according 
25 to claim 15, wherein said reconfiguring comprises: 

changing an adaptation speed of said echo canceler 

module. 
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18. The method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler according 
to claim 15, wherein said reconfiguring comprises: 

changing an enablement status of a tap update ability of 
5 said echo canceler module. 

19. The method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler according 
to claim 15, wherein said reconfiguring comprises: 

1 o changing an adaptation mode of said echo canceler module. 

20. The method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler according 
to claim 15, wherein said reconfiguring comprises: 

15 selecting between sub-band center clipping or full-band 

center clipping with respect to said echo canceler module. 

21. The method of configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler according 

20 to claim 15, wherein said reconfiguring comprises: 

selecting between sub-band echo cancellation or full-band 
echo cancellation with respect to said echo canceler module. 
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22. Apparatus for configuring an echo canceler module as 
either an acoustic echo canceler or as a hybrid echo canceler, comprising: 

means for configuring said echo canceler module as one of 
said acoustic echo canceler and said hybrid echo canceler; 
5 means for operating said echo canceler module in an 

operation mode utilizing said echo canceler module as configured; and 

means for reconfiguring said echo canceler module as the 
other of said acoustic echo canceler and said hybrid echo canceler. 
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ABSTRACT 

A configurable adaptive echo canceler which can perform 
acoustical echo cancellation (AEC) or hybrid echo cancellation (HEC) 
under software control. Particular parameters based on the particular 

5 application can be associated with either a suitable AEC or a suitable 
HEC, and the parameters are made selectable through the use of a 
control register. Exemplary parameters are accuracy of filter coefficients, 
a span select to manipulate the expected length of the echo path,, a step 
size to adjust the adaptation of the echo cancellation, enablement of a tap 

10 update, selection of adaptation mode, center clipper selection, and sub- 
band or full-band echo cancellation. With the use of audio line switching, 
the configurable echo canceler can allow various modes of operation of 
the telephone, some of which may require an AEC in the installed unit 
and/or some of which may require an HEC. For instance, in a cordless 

15 telephone application, in an intercom mode, a configurable echo canceler 
in a cordless handset receiver and a configurable echo canceler in a base 
unit may each be configured as AECs. In a base speakerphone mode, 
the configurable echo canceler in the base unit may be configured to 
provide both HEC and AEC, while the configurable echo canceler in the 

20 cordless handset receiver may be configured as an AEC. In a handset 
speakerphone mode, the configurable echo canceler in the base unit may 
be configured as an HEC, while the configurable echo canceler in the 
cordless handset receiver may be configured as an AEC. 
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IYENGAR (798) 

IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 
my name. 

I believe I an the original, first and joint inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled CONFIGURABLE 
ECHO CANCELLER the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by an amendment, if any, 
specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is 
material to patentability as defined in Title 37, Code of Federal Regulations, 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 
119 of any foreign application(s) for patent or inventor's certificate listed below and 
have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any 
United States application(s) listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of Title 35, United States Code, 1 12, 1 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, 1 .56 which became 
available between the filing date of the prior application and the national or PCT 
international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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I hereby appoint the following attorney(s) with full power of substitution and 
revocation, to prosecute said application, to make alterations and amendments 
therein, to receive the patent, and to transact all business in the Patent and 
Trademark Office connected therewith: 

Lester H. Birnbaum (Reg. No. 25830) 

Richard J. Botos (Reg. No. 3201 6) 

Jeffery J. Brosemer (Reg. No. 36096) 

Kenneth M. Brown (Reg. No. 37590) 

Donald P. Dinella (Reg. No. 39961 ) 

Guy Eriksen (Reg. No. P-41736) 

Martin I. Finston (Reg. No. 31613) 

James H. Fox (Reg. No. 29379) 

Barry H. Freedman (Reg. No. 26166) 

Julio A. Garceran (Reg. No. 37138) 

Mony R. Ghose (Reg. No. 38159) 

Jimmy Goo (Reg. No. 36528) 

Anthony Grillo (Reg. No. 36535) 

Stephen M. Gurey (Reg. No. 27336) 

John M. Harman (Reg. No. 38173) 

Donald E. Hayes, Jr. (Reg. No. 33245) 

John W. Hayes (Reg. No. 33900) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No. 39260) 
Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

Geraldine Monteleone (Reg. No. 40097) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 38979) 

Joseph J. Opalach (Reg. No. 36229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

Jack R. Penrod (Reg. No. 31864) 

Daniel J. Piotrowski (Reg. No. P-42079) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No. 39010) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ronald D. Slusky (Reg. No. 26585) 

David L. Smith (Reg. No. 30592) 

Patricia A. Verlangieri (Reg. No. P-42201 ) 

John P. Veschi (Reg. No. 39058) 

David Volejnicek (Reg. No. 29355) 

Charles L. Warren (Reg. No. 27407) 
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Eli Weiss (Reg. No. 1 7765) 



I hereby appoint the attorney(s) on ATTACHMENT A as associate attorney(s) 
in the aforementioned application, with full power solely to, prosecute said 
application, to make alterations and amendments therein, to receive the patent, and 
to transact all business in the Patent and Trademark Office connected with the 
prosecution of said application. No other powers are granted to such associate 
attorney(s) and such associate attorney(s) are specifically denied any power of 
substitution or revocation. 



Full name of 1st joint inventor: Richard M. UBOWSKI 

s'ignatufe ^P.LJ ff\ (JjLUf Date K'3- ff 

Residence: Harleysville, Montgomery County, Pennsylvania 
Citizenship: USA 

Post Office Address: 537 Paterno Drive, Harleysville, Pennsyvania 19438 



Full name of 2nd joint inventor: Vasu IYENGAR 

Inventor's \ / r~p ; / 

signature hfC--- Date ///V'?? 

Residence: Allentown, Lehigh County, Pennsylvania 

Citizenship: CANADA 

Post Office Address: 913 Cold Spring Road, Unit 9, Allentown, Pennsylvania 

18103 
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ATTACHMENT A 



Attorney Name(s): William H. Bollman. Esq. Reg. No.: 36.457 



Telephone calls should be made to Farkas and Manelli PLLC at: 
Phone No.: 202-261-1020 
Fax No.: 202-887-0336 

P 
f i| 

All written communications are to be addressed to: 

n Farkas and Manelli PLLC 

2000 M Street, N.W. 
M 7 th Floor 

B Wahington, D.C. 20036-3307 
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